Computational methods
The REKS and SI-SA-REKS (SSR) methods 1 of density functional theory (DFT) were employed to investigate the S 0 and S 1 states of the H-NAIBP and F-NAIBP molecular motors. The active space in these calculations spanned the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) of the motor molecules. The BH&HLYP density functional 2 was used throughout this work in combination with the 6-31G* basis set on the H, C, and N atoms and the 6-31+G* basis set on F. 3 The minima and transition states on the ground state potential energy surface (PES) were optimized using the REKS method. Vertical excitation energies were calculated at equilibrium geometries using the SSR method. A two-dimensional (2D) PES of the S 1 state was constructed using relaxed scans along the relevant torsions: in these scans the C 2 -C 3 -C 1 -C 2 and C 3a -C 3 -C 1 -C 1 a dihedral angles were kept fixed at specific values (incremented through 10 • ), and the energies were calculated with the SSR method for the averaged state (i.e. S 0 + S 1 ). The species reported in Fig. 2 of the main article were located by interpolation on the computed 2D PES. The MECI geometries were optimized using the SSR method in connection with the CIOpt program. 4 Semiempirical calculations were conducted using the OM2/MRCI method [5] [6] [7] as implemented in the MNDO program. 8 Molecular orbitals were generated by applying the restricted open-shell Hartree-Fock formalism in the self-consistent field (SCF) treatment (i.e., the orbitals were optimized for the leading configuration of the S 1 state with two singly occupied orbitals).
The active space in the MRCI calculations included eight electrons in eight orbitals (8, 8) . In the case of F-NAIBP, all active orbitals were of π-character (shown in Figure 1 for the EP conformer). In the case of NAIBP-H, one orbital with σ-character was included (see Figure 2 for the EP conformer) to converge some of the transition states and MECIs with mixing between π and σ orbitals; this allowed us to have the same active space for all H-NAIBP structures. Test calculations with a corresponding mixed active space for F-NAIBP showed only very small effects on the dynamics (maximum deviations of less than 8% in the quantum yields compared with standard runs).
For the MRCI treatment, three configuration state functions were chosen as references, namely the SCF configuration and the two closed-shell configurations derived therefrom (i.e., all singlet configurations that can be generated from the HOMO and LUMO of the closed-shell ground state). The MRCI wavefunction was built by allowing all single and double excitations from these three references.
The geometry optimization of minima employed the BFGS procedure. The gradient norm minimization algorithm was used to locate transition states. Conical intersections were optimized using a modified version 10 of the Lagrange-Newton algorithm proposed Figure 1 : Active space orbitals of the EP conformer of F-NAIBP generated using Jmol. 9 Figure 2: Active space orbitals of the EP conformer of H-NAIBP generated using Jmol. 9 by Manaa and Yarkony. 11 The S 1 energies presented in Figure 2 of the main article were obtained by relaxed scans, with the dihedral angles constrained to their values in the optimized ground-state geometry.
Nonadiabatic molecular dynamics simulations were performed using the implementation of the Tully surface-hopping method in the MNDO program. 12 To ensure an adequate sampling of starting structures, ground-state Born-Oppenheimer dynamics were run with a timestep of 0.5 fs for the EP, EM, ZP and ZM conformers of H-NAIBP (50 ps each) and of F-NAIBP (5 ps each). The initial structures for the surface-hopping dynamics were chosen from these ground-state trajectories using the filtering procedure implemented in the MNDO program. The two lowest singlet states were included in the NAMD simulations. The nonadiabatic coupling vectors were computed analytically. 12 The time step was chosen to be 0.05 fs for nuclear motion and 0.0005 fs for electronic propagation. An empirical decoherence correction (0.1 a.u.) was employed. 13 For each system, between 300 and 450 trajectories were run for 800 fs (for detailed statistics see Table 1 ). Table 1 : Number of surface-hopping trajectories for each system. "Back": number of trajectories ending up in the original ground-state isomer; "Prod": number of trajectories ending up in the rotated ground-state isomer; "Failed": number of trajectories that remained in the S 1 state after 800 fs or had an S 0 -S 1 energy gap of more than 5 kcal/mol at hop time. Total  303 362 337 446  349 399 396 398  Back  156 201 189 262  113 169 153 147  In-prod 141 153 140 173  226 217 238 236  Failed  6  8  8  11  10  13  5  15 2 Cartesian coordinates of the S 0 and S 1 species and MECI points Cartesian coordinates and total energies of the species reported in the main article. Table 5 : Cartesian coordinates (Å) of equilibrium conformations of H-NAIBP obtained from OM2/MRCI calculations. Table 10 : Cartesian coordinates (Å) of S 1 /S 0 MECI points of H-NAIBP and F-NAIBP obtained from SSR-BH&HLYP/6-31G* calculations. 
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Graphical representation of optimized geometries
Optimized structures of the ground-state conformers and of the minimum energy conical intersections (MECIs) are shown in Fig. 3 and Fig. 4 , respectively. 4 Population analysis of the S 0 and S 1 species along the trajectories Table 12 reports the overall charges on the rotor and the stator units of the H-NAIBP and F-NAIBP molecular motors obtained in the SSR-BH&HLYP/6-31G* and OM2/MRCI calculations. According to Scheme 1 of the main article, the diradicaliod (Dir) state corresponds to a positively charged indole moiety and the charge transfer (CT) state to a (nearly) neutral charge on indole. As seen from Table 12 , the S 0 state near the geometry corresponding to the S 1 minimum (or S 0 transition state, see Fig. 2 of the main article) Fig . 5 shows the evolution of the overall charge on the indole moiety (obtained from the Mulliken atomic charges) along four typical non-adiabatic trajectories of the H-NAIBP and F-NAIBP motors (i.e. the same ones as in Fig. 4 of the main article). It is seen that, before reaching a surface hopping point (marked by a vertical line), the indole charge in the S 0 state suddenly drops to a near zero value, which indicates the heterolytic breaking of the C 3 =C 1 π-bond in the ground electronic state. The S 1 indole charge remains in the range between +0.8 and +0.9 typical for the Dir electronic configuration, see Scheme 1 of the main article and the discussion above. The fast trajectories (leftmost panels) reside near the respective S 1 minimum (characterized by a nearly neutral indole moiety in the S 0 state) for a brief period of time on the order of 20-40 fs. The slow trajectories (rightmost panels) of the two motors behave differently; the F-NAIBP trajectories are characterized by a very quick passage through the S 1 minimum, while the H-NAIBP trajectories remain close to the S 1 minimum (with near zero S 0 indole charge) for ca. 300 fs. Hence, the plots in Fig. 5 offer additional support to the interpretation of the differences in the dynamics of the H-NAIBP and F-NAIBP motors given in the main article.
Rigid S 0 and S 1 PES scans near MECI points
Rigid scans near the MECI points were carried out along the x 1 and x 2 branching plane (BP) vectors using the SSR-BH&HLYP/6-31G* and OM2/MRCI methods, see Fig. 6 . Normalized BP vectors were used. 
S 1 populations and lifetimes from the TSH-NAMD simulations
The logarithm −ln(n S 1 ) of the S 1 state population is plotted in Fig. 7 as a function of the simulation time. At a given time, the S 1 population is calculated as the number of the trajectories propagating on the S 1 PES divided by the total number of trajectories. 
Quantum yields from the TSH-NAMD simulations
The quantum yields of the photoisomerization reactions as obtained from the TSH-NAMD simulations are shown in Fig. 8 . 
Multimedia files
The following multimedia files are available:
1) The "naibp-work-cycle-cartoon.gif" file -an animated GIF file presenting the working cycle of the NAIBP motors constructed from the results of the SSR-BH&HLYP/6-31G* S 1 and S 0 PES scans.
2) The "naibp-h-meci-ep-zm-ssr-x1.gif", "naibp-h-meci-ep-zm-ssr-x2.gif", "naibp-hmeci-zp-em-ssr-x1.gif", "naibp-h-meci-zp-em-ssr-x2.gif", "naibp-f-meci-ep-zm-ssr-x1.gif", "naibp-f-meci-ep-zm-ssr-x2.gif", "naibp-f-meci-zp-em-ssr-x1.gif", "naibp-f-meci-zp-emssr-x2.gif" files -animated GIF files showing the branching plane vectors of the respective MECI points optimized with the use of the SSR-BH&HLYP/6-31G* method.
3) The "naibp-h-em-to-zp-fast.mpg", "naibp-h-em-to-zp-slow.mpg", "naibp-h-ep-tozm-fast.mpg", "naibp-h-ep-to-zm-slow.mpg", "naibp-h-zm-to-ep-fast.mpg", "naibp-h-zmto-ep-slow.mpg", "naibp-h-zp-to-em-fast.mpg", "naibp-h-zp-to-em-slow.mpg" -media files showing geometric transformations followed along the trajectories of the H-NAIBP motor obtained in the OM2/MRCI TSH-NAMD simulations. The files labeled "fast" show typical fast trajectories with τ ≤ 200 fs; the "slow" files show the trajectories with τ > 400 fs.
